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1 

mmn&vmmi 

£ £ £ & Ct . HUlBS'JSe©^ 1 ©JHtt*- F 
©*Jgjg&ifc£»2©iSa&*- F©ftffiJS&&£©Jt£ 

cft6©*WS^fci£^*W5ett©1llIE* 

*f ft 5 ftoT, 

mmwom 1 ©^»*- Fo&mmmsi. sl<bc 

«*IUlS©g:g&g^^2©Sg«j- : e- F©«tti5£-rs 

im>m 2i mm* nz'p* <t*>\ *©fi»WHje 
jjtfflfe-? sttfcic, mtmrnmom 1 ©»«*- f 

JfcS). Cft6©ft^M^tfc£^SfflSffi©?fIE£: 
mcSasKMSQSSr&o-r. 20 

S*igiJ*£«©» l ©JStt*- F©£JBIffiHR. < tic 

£. ajse©*2©ffitt-t-F©*«iM^^iti-rs 

W*fctt««©j& 2 Wb^S C©!&2jg 
»lftHH8©raiM*m ©Mb*- F©»ttittfr* 
C £ £#St £ T S&ttSgan£S. 

[msbi 3 ] tarns nz>'pu < £ i *©jafftt«£ 

«l*g*tt*i £Stf*©SSzfcS£ /ct33BK©4>ft < £ 4>- 

# *«se-r £ £ £ «> tc . mmmm<om 1 ©s»* - k 30 

©*«B«»iJir2©S**- F©&tgJS&ifc£©ik£ 
sfrfc. ttt£©^jgMfcJtft4>£^£9J;£{t©ffiIE£ 

ffiimmfaw)ic£r)ffl%.'a< l c&£.?z>tct>frm!> £tc 
taawjat©* 1 ©us**- FoxsumfflR. «l < «c 

£. M%.m<Dm2<Dmm*- FCDimmmmz&mz 
mm* tcimmvn 2 mm&M&t zmx. . me* 1 m 
w^ms<owcs&.mi:m2(omW}^- F©t5#£i-r4 

c £ «tttt £ "T *&M3»J£8. 40 

cw*a 4] to $ n *4>ft < £ 1 *©a , gttS'is 
i Srt ; &ffinssf*©»sg!ES*/ct*?gffi©iJ>ft< th- 
■fttrnfeir 5iifcK, Buiaa'js'g©^ 1 ©tssfr*- f 

©*H^&ti:£ffi2©Ji«i- : e- F©ft^»&£©J:[:£ 
Cft6©ftffiS^J£&c&£-3£®J5Effi©fSIE£ 
firft 5 iHSMiJSg t> & X . 

i*S'J«e©m 1 ©JSSd*- F©*JfUiig£SL < BC 

n?»©s*?r^ai-r-sm^^fc{*»st©» 1 vm&m 

S« SM©m2©JilSi*-F©*ffi^liSli^mi-€, 50 



1f - 1 2 6 8 5 1 

2 

mm ztcizmKom 2 mm&mmo^rtifr-jiomM 
imimsi BiiBi^n^-^©a^j©«st^tBs© 

g!§{4g*ffi2©&8!j*- F©S©Ftj5£"f •2>C£ ; &ift 
8&£f -SiWaf 4 (cfB«©fi»MJ?£8. 

[n^3S 6 ] B?tBm 1 mimmst tarn 2 jsaMfcta 
si©<i$fc#s«&©£ s* «. -en^nBfriei'j^e©©?* 

ft©*4>K#L.Tttfft©&gK:8lDttW£c ££#&£ 

So 

«w)ffl»*«w»©i*«. m*«ww»*fctt#2* 

«*W»te*tU fof2««Str©fi$;&ft©f£<M£2tl/T 
*tffc©tiH&c t 0 1 iI»fttog*fc«SI2ifiS>ftlim£ 

atiiu— ®fi©^^>^ • ^x-r F*mofti-f6c£* 
£ r -s 1 ft t, » 0 6 © i» rn*>cciB*g©ti«j33 

[fISai 8 ] MR 3 n S^i>ft < £ 1 ^©jttWt^ffJffi 
«rt*Sgti-S^©KSSSS*fc{*?5S©il>ft< £4>- 
^^S'J^-T -S £ £ i> ic , SulBS'JSe©^ 1 ©JIKi*- F 
©*S^iSIJ{£^2©Ji«i*- F©ft«^^£©tb* 

ft ft 5 !SSiil2i'J5£&T * o r . 

£, ^2©Jgiai*-F^t!tW)5©®«£*afiUTS!l 

-5 C £ «1$8t £ T sjiatisaii^s. 
[M«9 9 ] mum 2 ©»* - f mmmtr&'ecDm 

J^iiia^ -t JlZZ^tt C £ £-r-S.I»^8 JClBtS 
©^S®S'JSS. 

[f»5}<3S 1 0 ] MIB^iiilS^ ^ A> 51$?. 4 y * F * 
+ ^V3r7 -f^^C*5C£?:«8!t£-r'Sif«^9(CfB 
tS©ffiS6SSteS. 

m^m 1 1 ] uib^ 2 ©jgsj-t- f jaifist^ris© a 
fi*. »2©ifitt*--Fj(aaa*^tfjBiiKR©«!i't?i« 

mmtcm 1 sns c £ swat * sisjrjis icfBtSt©^ 

[m#m 1 2 ] ioib^ 1 , m2«fi#©4>ft< £ 6 
— #©«aas*eau cti#?^at>&tiA:B9K9 

1. ^2J@jMi^©SA^^ ; l:M»b/cti^*, gfifB 
4S©ffiliiSi'JSS. 

[ W5J^ 1 3 ] flMEft 1 . SB 2 SbtlgfI-^©'J>ft < £ 

-*©ja«»*sa u , c n*5^asbs*?.ti/cBi)fBm 
1. m2®Ma^(D&j^mlZMmL■tcm■&! l t. 

6»? it s c £ £ -r stt^^i 9 icumommiM 
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[0 0 0 1 ] 

i¥m<om?zmeiftm commit, im^n^tt 
< <b & i *©e««8M^e*w u . c owmmft z mt\ 

b<«PI#©«fi&£ft-3tgi!iMffl'J5£g. Ittcifcttag. 
JBHSflKMItt; (IE*) KJ:oraftr*«Stf**liE io 

[0 002] 

0 1 4 l^e5Mfl&Mft©&*ff£>i% 

■iHhSHr a s . ttiiiff i » i ^cewjawe* 2 & . 

C©»JS»2©«tt©»aPa. b*B^-rsfe&©@s 
W3a. 3bt. H5£W3a, 3 b©ti»j£S<,>{C* -p 
9. *^±J&*fcBWS*©*att:j:OH 
£t3a, 3 bCC@jE3ftfc«J, SfcttH5£t*3 a. 3 
bi- {*WJC)5BK3n3fc3m2P4 a*$<££>'4 b (4 a© 
*0**> <t. T^^7alCj:«J-en-?n3£^FSP4a. 20 
4 b tclfsnfe^ -Y;UiiS'JS«2©4 1 *^cH^Sti 

fc? ^* » nc «t o ««s *v auss 2 * ^(onmmm 

[0 00 3] tfctfJSBl »3 6tc. tSI»lffe*feg5<h|3JD< 
7^7b, 7 cCC<fc933*8l$4a. 4bfC@^3*i 
fca-fil'i, J»E*2±©K«l» , £S5*«M!'fcT5B 

S'jse2©j6»*«iai-r-S3ia[^m-fe>-9- <* 

fclJgft-tO-tf-, Jnaa-fe>-9-C4>^CO 6 a, 6b 30 
Ya = n (a) s i na, t 



77 (a) 
t»TH3St 



L 
E 
I 

Qm 

7? c 



(a) 



y a = {-2L 3 Qmo>„ 77 c 
»SES©*;S 

S'J^©^^^ 

$J5£1S©S^:frfr©{ig a fc * W S ( 1 ) 

4a = Ya+ya=As in ( co„ t-a) 



©fi-^©{4tin (^ns) fcbt-iz'm&ffimm^Qm 

[ooo4)cct, «±©in<^3n/ii^ug|5i ic 
*jc>t; ^©S£S3&5-fe*n©^ecoci-r^^ 0 -r& 

to*. 8156*2 omsmiis^ 6 a > ffilblfe*g|5 fc 

<fc cxiBa&iHiss 8 cc <t K> . *©ftJSH«a»rfli«snrt» 

S. jitf*&mz>-?6 a. BMMWMrc©** 

iE>©-te>1f6 a, 6b*>6«Et>{Cfi[*aM©35:^PH;« 
«©fi*8*»fc*i*C &KttS. 

[00053 ctucatu mtiifi^cxmnmmssm 
2rt^sft«n5i. iise2©©a*^a'js«2© 

i^©saa«»36»*wo'i-*fc«>. stee2p , 9*itn-5>it<* 

KB»IWSW«:aKE«2*>6jE©JlfiS[S*^ffl-r*. 0 

7WJfrr-5fcat>. 0 1 6tCiS3nS«j:'5«CSiJ^ i i i 2©g5 
a*€.«3ES2©tpjft»'CO:. Stt©ftf3WIti&£fi 

cc&tft-*. fm2©4>Atf*&0bKi^9 
Kfieiv s»*ifii©jiflaaE»i**iW*fc«>. ®jse2 

B«fl*»6©H**«fffflLf. 01 6©<fc^JcaiJ^W2© 
6© b Ttt!»^fifflaJj||fc^©S5Ba*S 

[0 006] «T. *©SHB*»Se£JSt»TiW!li , r*. 
l>*. 3Eflffe>-tf-6atC*iW*»3aSf2©«tW*. ftSS 
K J: •SiMS'S 2 ©&&«©£&*> 6 . 

- (1 ) 

SK [0 00 7] $/c, 6 a(C*sltSffif**>6© 

^«c<fc*«j£flf©fcto»}tartB. Tie (2) Site 

a. 

(a) cosu, t)/Ei - (2) 
★ 6©^iCJ:Sfflee©&B&ilf 

[0 00 8] £ag©jM££©fcto;M^tt ( l ) 5S©£ 
40 fitej:*a!l5etf©fcto#K:. ( 2 ) 3©ffl£S©3S£:fts 



(2) SS^t/t (3) 5£©J: 5 «:&■&„ 
• (3) 



CCK, 



A = [77 (a)' + {2L J Qmffl, nc {a)/EI)' )'" •••(4) 
a = 2L 3 Qmd>„77c(a)/El7?(a) -(5) 

[0009] ^{4*>^6 bK.isi-nmsM<r>mwm<D ^^msicm.^w-t^nxi^tcH). 

Yb = Ya = 7?(a)sina)„t -(6) 
^e-fe>t>-6 biCfct*£ffiffc#>£©iMS^©S 50 ^14-fe>-9-6 alCfeWSH**?>0^<!:^3 
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-f&toii, 



(4) <®ffl¥-9 - 1 2 6 8 5 1 

5 6 
UI5) G V |S] B K*t "C £> 4 h . 

y b = - y a = (2L' Qmco„ rjc (a) cosu. t} /E I — (7 ) 

[0010] Ifetf-jt, ^fe-fe>-^6 b (CfcWSIdS* 

^b = Ya-ya=As in (u, t + a) -(8) 
4fr3. ±3B(3) , <8)5£<fci). ^{4-fe>-9"6a. Jj-jT, ^{£-fe>-?6 a, 6b©(f#fH© 

6bOft-^fa«:B2a<Da+ail*5*-5Ci*s^0. C B$ffflgB. 
(OmmZaU (5) ^J;D«SijSSQm(cJ;t««I-r6C5S 

A t = 2 <*/&>„ =4L J Qm7?c (a) /E In (a) - (9) 

[ooi i3 fflfem<mmmm.mr-x<D < 1 o > ★ 

co„ = A 1 /V • (EI/p) 1/1 - (10) 

o : ine9&»]£sn<DaEf^d»AjR«is [0012] c^rii, msmfci^mriwj (is 

<bC^-C, SJJiEfOlMfct^i, (5) *fc» *) ©iU»**R«Ufc#. «Wj©IHi*#*-J-*i. il 

( 9 ) A J: t) . + > y*E ©SKfltffttfr 5 > ft 3eflfCC««H*^j-|B« r? B*>£*©flH»EWCtt < 

QmJ^J€rfet>1fH«jfir^<DfifcH3«»^HS#aE^ TOMSii fcfcSC ia&»6. jfc© < 1 ) 5£«#© ( 1 

%i>t§£-cfc. ( l o) xoftMftfto. 6S4tr&A 

Ya = 7? (a, T) s i nco n t -(11) 
Vtc&-?X. %<T> (5) SC. (9)5£«TiB©(l ♦ ♦2), ( 1 3 ) 5$©J: 5 CC&S. 

a = 2L J Qmco„ 17c (a. T) /E I rj (a, T) -(12) 
At = 2ct/cD„ =4L S Qm77c (a. T) /E I n (a, T) 

-(13) 

[0013] -j-fctofc. ftJKiuiJcjtwor«^-r4tt * -r* c c©t sonsttoftKattSto, 

». = A. (T) 2 /L 1 • (EI / p ) 1/1 -(14) 

ift "3 . amoftMfiZto. tauesKffffl i/trn 6-94501 ^sfRccmT&c&^&s. urate j: 
&tt*;©Htt£&-3?i>&. ti«. 2o©?ae-fe>-9-*3:^t. ^swfcsijst© 

[00 1 4] -tmtc, msfrfcaabstt. acewi* 30 asK^oc^gtc. ^n-ennowi c©2o®fi 

^fboftiis^. aiist©i'>^©iasfi!c»tt(c < j;oi'j [0017] — attB, ^fia>j€ffi*a^©a 

fcr mUKBOAS^Ef b-T -5 c 4 tc % & . 40 [ 0 0 1 8 ] 

[0015] Jfc. &B£©ffi0QHttfci>T6B&K:> [»9i**J!H*OJ:94riWSI3 tu^©i^cc. gH£B 

*#»Htt»a«atftu «j©B«bw»£-rs. i*tc. a B#r^<*©ss<tsii#fi£©g{cj:f). #sc-c©ag[ 
•ttofflffitt&w-ra *>©■?«:. iiBe«tc{¥JBTS*fc& *fc. %fm£*>attt&i£fts 

[0016] «±© j: 5 &c iBaHKft^icfl! ,ts r«a«*3a$«©¥$M*iWi"t?# ssgcis 

il/tB, m««4V J P5-6 945 2#a«^»1«BT 50 jEWtt«!l3efiB©ftliE*«r*ttl»»^«**C*. 
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t o o i 9 1 — ®m<d£ *> icmmwimmom^m 

t> S C £ frZ . jE«fc*lliE**PJtt £ * SsS^gtiT U S 

©m*»S*K» orasiwc*:* < TS&Stf* 0 . 10 
at»hw*3Mt < a s £ u 5 »i©m»w»£T * . 

[002 0]lfc, 3d#g|5K:*hW>y- Elliott 
3-&4<ctt. XSWOPBttfc^K^^-rSsiW* 1 * 
fc*)/h3<. 3tf^fc«£T*S*Haie*©S*K:ib 

"*-c*& 15 /ha < & 5 £&$©£»*» eanetf © 

£DS. 3 6K«33Hba» F*Rt*. ffi£e©53£ 

[0021] tcir. *©(u) a*»6fc^6*>a 
J:5«c. M»©&MtiBK*ttt7 (tfc&> T©£fbcc 

A n <T) ©##£<&«:# 5 SBfb**. 8ISftt-F* 
(GAttSAiA. ^tt*-F©ftlWBaa»tbBfffflr6 

•fc&©SMb«:#oT£fbT<&. »J3Wccf¥ffl-r*tt**» 

^{bL,fc«^©s^*- F&BH&aR& 2 fas 
jb%»£ ©jt. * fcua**- F^eatttt 1 3 - 
F*aHB*»4©tk«:-3i»r, 013 U) , <a) «c 30 
^-r. Cti^©S*>e>4>W?»*»aJ:^«c. -s^e-Fra© 
*«^jg^J:b« i3(2 jtcmccsef b l . c n «&:§:©* - 
Fm©#»98ttH;K:-3t»-r fciter £. 

[oo22]c©c £«. Fn©ftMffltttb* 

S'JST & C £ (C J: 0 . S'JS'gtcfPfflT 5 C £ 

#a u ®js©(cfpffl-r stt7j©^bcc^ ^ ffismm® 

6-2 1 5B6 3-^#Jg) „ 40 
[0 02 3] 0*>ts£#6. JjBtiMttffi(att&«X(c 

3ftTl>S. L/omt, C©jfe«©fl!BKtt£e<CflF 

ffl-r ©gMbfc # 5 itas'j^.®s*s J; cttn&»£ffi 

©«{b*. ^HHK^tbtCtt.DTffliETSCit'liJ^iff 
[0024] 

ztcib. mmm i ©»9rc». 3 ns4>& < £ 1 50 
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*©ii«tta!De«i»jft »n sssttoMfiSEfis fcsiffig 
©4>&< £4>—3r«flt£-r friaa'JS'g©^ 
1 ©n»*- F©^jttft&&3r2©ff9b*~ f©&« 
ffliSBttiotb***. eheoAMftSttbtcfc^* 

aue*©«jE*ff a 5 *»s»jeet?* Mien* 

©31 1 ©«S&*- F©ftSBtt*t £0 < ttCtifcfiMR 
«««EBr <64iftSfti»t»K©» 1 tH&ffcfflg£ . W£ 
©©»2©ffilb-=e- F©ft!Mtttt&l*tHTS$tt$fc 

«ffl&©!fi2m»&ffl3§£4«*.. C©021SaiitfctfJii 
©l&g&g* JSJ 2 ©ig»* - F ©JSttifi £ T -6 C £ *» 

[0025] W*^2 ©^HJ-ctt, ft083t.&*l>tt< £ 

1 tttttm^totmx&mmmwftat* tat 
«a©4>a< i*-*t«ffi^*ti*»«c. Buie»j5£« 

©IS 1 ©igtt*- F©ftSB8»£lll2©S«i*- F© 

«gjBB8»i©tb**«>. cnb<mmmmmttcbt 
-3*acetf©itiEfttfa5aHwa«BDe«"c*-3-c. msa 

««©^ 1 ©«»* - f <D±mm : mi. iKacne 

©5R**«kltir 4*tt*fcBIB«©» 1 ISISM&mSi . 
a^«©» 2 ©Jg»i* - F ©^»SlH»*«klB-i- 4*» 

*^»«K©«2a»tttttii8£««A.. zv>mzw®>& 
mmv&mimzm 1 ©«»*- Fotpftaifsc t 

[0026] HtS3©Mttt, Adi3ti<i>^a< i 
1 *©i£ , g«SiJ^I*3 i &^5?lS^©SfiS£fi3;fc« 

aim 1 (DMW)*:- F©jaWjft»i»2©ffi«rt:- F© 

•^*iiuetf©ifjE*tftt5aaftffi»De«t?*->r. s«ib 

ftfitticl: ») iWS^fc^^-T £ fc^^Stt. S Will 
/£«©ifs 1 ©ig»*- F©^igSMfe> fKscne 
©5sw**mr *#«*fcj*a»©» 1 tsttt^aigi . 
wmmcom 2 ©tg«i* - f ©ftM&G&ttur « 
s/c«ffl^©^ 2 stt^mst sria^ 1 sum 
ms©g;s{4s*m 2 ©»* - FoflHt is t f z> c t 

[002 7] f»^4©^H^f», *DJi3ti-S^«:< £ 
*> 1 *©it i »t«iiMWl*3*^'S^©Mfi^fi2ft:(i 
■moyptz < £ 6-3T£tt£-r -S £ £ fete, grfa^e 
©» 1 ©SitH=- F©i«iH»»tl(l2©aslN:- F© 
«tiJi«l!(£©J:b^*ii6 > cne>©^SRjaij!fi!ctbicfe£ 
-5*«jE«©iiiE*ff&5Jattffiatte«'c*->-c. firse 

3eBf©s!i©aaft*-F©sfijBaas. §K«cn6 

©^***imT-S*^S?c«tt^!©^l^lb^tHg. S'J 
S«©^2©^Sb*- F©^BJS«SK«KUi-r&4MKS 

fc«:igf5c©Sfr2 ww*a»©v»-rn*»-*©«8ij©is« 
««h»*kw. cnK«t»)flw©«Ba©s»«ia»%3(E 
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[0028] fWcJS4 cmmm*. mum-?ti&—jj(D 

is£-rsc£#rt <n&s5©?»i) . ctit>m#m 
i i, 5 ©»wt?B. fftcar i mm^m^ttcitm 2 
igsari£tti8©iitfc&*ffi&© i # -en^nitrf bsi^w 

©^Bjr«. wear 1 jg«j^Hissfc»^2 sattttus 

©fflSfcW4Mtt©&&tt. l&l««tfStfig3Sfc«gi2g» 10 

*©{««: . 9 1 n»ifcm&$ 2 ffi«i^ms<t a 

13351— Sffi©^' 5 • ^i-/ himoffwsci^r 
(«#«7©?fe93) . 

[0 0 2 9] w*3i8©^ig-c«. ftn$ns^«t<i 
1 1 *©i:«^iiis«F , 9 i &siEn-sofeft©sgiyi*fc« 

<om 1 ©sua*- F©*yasi*K£»2©a»*- f© 

^aSJH««4©tt**K>. Cft6©*WHa«tttfcR:*>& 
-3*iWEfl©«iE*tTtt5»BBHaB5E» , r*- 3 r. I-TIB 20 
. *©3H 1 ©JgSte- F JffiftSttc J; SJSMBt . 

m 2 ©»»*- pjatttt^3fi©ns£ ^iiLtflit 

*Ci*W»4L-Ct>S. C©lf|3&98©ft9rct£. b« 
IB02 ©jf F A8%#£-C©lMfiia&ttK*>tl&l/ 

T . -e© * *Hjffi»©iMffll3&* PlfiBft^JSiijl 7 -r Jl/ 2 £ 

*t?c (8»^a9 ©»9i) . ttta. memz 

©»»*- Fflj3a»«ifi©[Bi»«*. &2©£tt*-FJa 
««**tJH«M»©*Ht?«fnB WK»5 1 3 ft S C <t 

(3t#91 1©&91) . lt*S9©^© 

^ F+ + ^ v Jl/ft? 30 

*&c£#t#5 <m$gti o©^w) . a&. 
9©&h-?b. f?ia^ l . &2 OHHf *?©*l>& < t t>— 

#©«tt**»SlU Cftaq*a«e«>6hfc«tiBfin . 

»2^«-*©«^»»*iMiLfc»£H:* wte^« 
airag&fciasE-r £ c t (m>m 12).* fcafrtE^ 
m\?zctifi-c$6 m*mi 3) . 

[003 0] 

{cffli>6nri»*Wtt*-F**l©SMb*-F. Cti 

*iMjeTSfc»©-b>^**ijs*wfta»i"fA. 
■frfc-Ffcsraofitt-t-F. cti*ffl3£-rafc«>©-te 

>***21ilWWa«iPfA. &l&IMftHJ8&#2& 

[003 1 ] ±fB3ff 2©Ji3!j*- F©#SiH»&£ai£ 
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fczmaittmcm. 0 « w * 4 . £ttK«#tt©&au: d 

**n©T. J:0*taffl**»*C438J"C*. fig© 

SaW36B*fflC»*4*{CB. Jftl£Mri*U8 (014© 
f(t»6a, 6b) ?tt£ftS9mfeKC*t?&3m£ 
({4ffiH> ©fc#K#U JS2©***- F©fSNpWf- 
SL4 t/rftflW.5fc». JH2©®**- F©JHIb£/f>S 
<»*.fc*#»ja(f». *©fc«E>tc. 4ftlUl££©&l>ffiiKtc 
»2fiMrtJMtiS*B)l»)tttfSi. flSK*sjl<&*&&2 
©tM&*~F©£M*/Jv3<?9*.&C (It* 
511. 5 ) . Sfc. ^1 ©»»*- F©KS*5^ccyJ\ 
^^&JB2ifaMUMeteIRDtttt&£. *<D%mifi 
'J>t£ < ft & ©-c^2 <DMn*- F©fi**>,h3 < »it 5 
C4*T*5 (lft$«2) . 

[0032]Jfc, mi ig»rf*ttiS£?&2 ©JHb-t- F 
©JS«ca*:4flfflWtifi«:«t»)WWS4. ^2©^«j^r- 

F©KW«*»«c/h3 t»tt«xr. ft 1 ©iitt*- F©« 
WK, IJ^©J:0{c. Wfiffilfiii-itr® 

etc. 4$«:mitBn-4L-rism»J€s«^c^Ri 
b» ®mm<DmmK «e«©*s*isi©4 , '£*:*fL. 

{cst»tciR»)«»6*i7fc» 1 ®«i^His©ra©B#raM 

•5. to, aijs < t©»B)* J serT>-''«7>x(c!fe^ 
4. 2E*©mitgtt^ms©rar^T-5B*ra^ ((iffl 

©BBBC^Wfec^H-SWttjWWt-rail^Wft-C* 

[0033] zcDtdb, nim»mmisj:cm2isM 

6) „ miffi®&m%£tcitm2MWo®m&&m&<Dm 
^ts. ^©©sa^ifijof'^ic^u^waajc. a 

13331— Hfi©^ 5 >^ • 9x-f hSflXOf^Wr. SiJSW 
©tee©*f»*«-3j: 5 C &#tSS Lt> (H3&1 

7) . 

[ 0 0 3 4 ] 12 1 4 ©^Wrti^ mUS^SB iigtt 
H1SS8W:J:«P. «!g*2«Sl©Sn'&-F^SIQtttt 

*«»2©JB«Ft-F-C**gKfi»Lri»4!iWa6»* . 
*. -tC-C. »l©«tt*-FiBW{c. 9Mft£8*> 

iBftiiss^(c«t o.m2 ©£«-«- F^siaaaft-m£ 
i«i/twi, »2©«»*-F*«Haa»*Sc 

2££L/<:Jil2©iS«i*- F©SttA>^ft2©Stt«- F 
[0035]-eCf, C©^-C«»J3e^2©ftl©S 
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^ttfc<D®M$:mm:3it-rcmm*'iTti:^, minim 
v(ommtm2<Dmat- F©aije*3cjet/'ctT& 

Km2CD^Sl*-Fft^^(DgiJS ; &DjfieK-r5 (If 10 
3J319, 10) . 3 6tC. ||S2©tiB&*- FftSJffiKtt 
^^Hi!E»«H«:*ji>Tl*IBWK:li5|-r<5««K U 

i) . jjaiiifiw^^ 

(BPF) ©+<&««»#. W»«H«WcJ:l)*ttH»© 

9 B P F©4>ftfl3Htt£B4^l£fcttmm?ir£ <fc 
9fC?n»?tiB£«llt3-&&ft&©'C. gl, »2©ffi 

tKZ 2, 13). 20 

[0 036] 

[ffcHJ©l«&©^Sg] HlBC©IWiC«eHl©»«l*m 
l (DimbikBi&t ur©3iS^ffl 

mas 9 1 . &*BMjftmStS9 2. fig?iSgaS9 3fc<fctf?i 

jess*** 9 4 tt fA> & «is uc$k$> <o. zomim 1 
4(c^t^©iiiT*s. u/ctfs-^-c. ccr-acn 30 

[0 037] CC-CB, fBSHEliig8<fc<5{£J!!j«£3§5 4 
jlg-fe > V- 6 a (c J; -d r SUSlr 2 *-e ©f& 1 ©JSS6* - 
Fftilfi&flt *fctt»2©IBIb*-F#SJ«8ttfl- 

6 &(DtiiJ]<D'5lDftt l tm 1 ©ffitt*:- FOXt^ttflJ— 
Sili & S«t 5 tc. KII1BB8 *6tb£3 ft&lk!&8 
(F9-f/<) 5fciftte3tiS F^-f^e^OHWjWrft 

[0038] 3LBL^>V6 a, 6 b#»*>©##»{4fflig 40 

wmm 9 2 k \jj 3 n. c ct?»^©fl*a*KJtw u fc 

ll*W6h, MiESi**9 4H:JM.6tiS. ii«-fe> 
t6a*>6 ©ffi-3»J988Rttffiff as 9 1 Cc Kt5 3 ft. C 
C-C^l ©HS6*- F#MfflR4#2©Stt*-- Fft 
IB9«tt©tt:Ktt«lyfcfi#**«). -e©^**sffljEM 

mas94tcA^sns. ifc. jbk*>ih o*>p,©<i 

SS359 4K:A#;*4'lS. ttiBR*aS9 ffeftilg 
■fe>*6 a©fi-^#iS»X*Snft. 
[0039] ttjEStft«S9 4ttJ9ifflftftffi#99 1 . & 50 
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ffl^«gtaS9 2. iag}HmSI59 3*J<fcO*jie[i2>-9-6 a 
*>6©WA**W. ttffiaS»*9 2*6©{a*iafI# 

*. cc-fttjis-fe>-y6 a^etf e.ti-saijsw©^ 1 

©Jg#Hb- F©^BAS9KKJ: QflfttttfiEU WIS 

mmcmk-rz. c©^nne-9tt. *KEaw»9 4r 

SSiS»g|59 3*6©figft#K:<fc f 5*iIE<**l-5 44fc 
«e. ^i^Jt?H»S|59 1^6©«l&a^J:bffl-^(Ccfc5 

[00401^2 (a) , (c){jiai ©^mas©** 

0^Ofck©-C. 02 (b) «SllS'g2*5 3^*-F© 
WBM& 4 *©fcfo##tt©«SI8'C. AIR 2 

1 te«J>^ 2 © 3 F ©1iJItt©fcfc.^J£K%^ L/ 

-Tl^-So 02 (a) r«iSS-fe>-9-6 a, 6b#f l£ 
IHfcllHKcSfc*). 3l£fe>?Ba#«2&aMfttf8B 

d**t*ari>-5„ c©{fjttt, uri©Jg»*:-F4t,r 

S^-F. *2©Stt*-FiUC33C*-F*JSl» 
jU&-k>?B a. BbBWeS2©3:fc*-F 

©n (as 2 1 ©&&©***«£) ©tt»c. s>js« 

2©^lC*fb>ttft;fCl!(«3#W6*l-Cl^o C©Ci(C 

j&2 ©*§»*- F©t*aj»K*w«>*e£tt:fc5. 

[0 04 1 ] 02 (c) TB. SUS«HftttS6 a. 6 
b^aij^ i g2©3^*- F©gp«caXt3m^>ti-C*J»3 . 
JB 1 ©ffitt*- F©*SK«r*»2©J»Bp j e- F©U 
•«^3<LTb»S. 3 6K, ^2«S6«iag4Lr. 
7 dfcj:«3 3t}^gC4 a, 4 b(cB5£Sftfc=M 

^4aij^i?2(cHS3nfc-7y* » F4*>e>sjssmii 

3@*2©JBtt*ttW-j-SaiMftW-te>1f-Bd (^{4-fe> 
C©42>-y-6d«, aJ^2©3^*-F©tt 

©fiLB«aR0(t»6nr*»»). ^2©ii«i*-F©^ta 

Ii©^7>^ • 9x.f F 1 i*i v a>J^f2©4> 

1t 2 ©ti«J©^©/^ 5 > 7> & t o TC 

[OO42]03tCC ©ftii©JSII©3dfe©^S«^r . 
C©09r-«. »l©fitt*-F4t/C3;fc*-F. m2 
OWiW}^- Fturs**- K^IUtUJ. 1^10 

( a ) liSCiif 2 # 3 - F©«HBtt* l/"CC»44 § 
©^^^©^0^ ft^2 l{*S'JS i g2©3^* 
--F©«6B«(©ytt>*Jg«*^Uri»*. |5]0 (b) « 
^WSPOflt^mb, C CTtt#2SIMfttil84 UT. 
T^7'^7 dCC<fc»3 5:mi54 a. 4b{ciS3hfc3^ 
;l/4S'J^e2tcH^3nfcvy^ -j h4^6«6KSti« 
Sg2©tg«)*«lffi^SjIS«lffi-fe>-y-6 d (^(4Hz> 

tl^. CC-fe^l^-edB, «I£«2©3^*-F (m 
l©ffiSb*-F) ©fi5©{4g{cBX0ffW64a-C*5'9. m 
2©«Sft^&- F©tftU«e*tTS* 1 ©«»*- F©SiJ 
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* V V t mm— sm<d^^x • <?i-r p 1 1 a*, m 
•&m 2 *f u -fe 6 d t zmicm <o trn etn: 

[ 0 0 4 3 ] 0 4 {SSM 2 ©HI 1 ©«»*- F^ffiS 

: <m<r>mm t.mz owm*- f waists^ £©i>js 

£ fcfifi 3 ti-fcSJi^tf -5 ft.*©. Ig»>@ffi©«»i£fll 
*5%r^o?*Hr*s. ccr&*8f2©Jii&* 

- Fft!SJi&&tti5©Kg%. m-©^2 ©«Mfc*- F 
^gSjRSt^f&orti-s. r«c*j. iaiia©8 l l. 8 l 10 

6ltT>7\ 8 12. 8 1 3«^^aliS (;OF«) 
(BPF) . 8 2«ffn©Sg«j*-FJfe$6@ 
38. 8 3(*^2©lSSij*-F^lHlgS. 8 4ttin$l3§. 
8 5 teMfo 7- X £ - -C& -6. 

[0 04 4] 0itCfcl>r, T>7'8 1 1 «Hr>^6 a 
^ffi#3tifcfl-*f£iii1iiU -Ot-^Vx^&SrlT 
#5. 0CCcSiKr^-rgfS8 1 5, T>y'8 1 6*$^;^ 
iK8 17tt, ^2fg«jt^mS<!:L/T©-fe>-9-6 d*i^ 

1 ^I&tfctfJSi «J3"lfCf3!tf 6ftTl>.5<h#©#. 

tl&. •€•©£&«. BPF 8 1 3iat^3S8 1 7^e,<l 20 
^#A#3ft. S8S8 1 4$*ffi*>ft*cl,>, > £ft.. 

8 i 6«r>^8 1 1 kmcmzz-tz. cnccftu 

•fe>-?6 a*s»l|g!a^HiS<b^2«SMfetHS ; &**3-r 
mi te^J:5tc£#«8 1 5~8 1 7«&:b*l 
•**. *£S88 14*>6BPF8 1 3(Cft-5f*iA#3ttS„ 
[0045] B P F 8 1 2 »2©«l!t)*- FJg$® 

©ft-^£i&£ o. is i ©h«f&- ra&&©fi-*f©# 

mi©$IS!l*-F^ffilil8S8 2JCW^-r5., dtKC 
*tL. B P F 8 1 3 itm 1 ©ffiKrt- FJ3&$it©M-!i£ 

f20S»t-KligS(6D<l^®**, 312© 30 

jg«i*-F^iiiPigS8 3icm*-r*= c<Dmi<Dm§b* 

-F^«@Sg8 2, 3fl2©IIitF&-FfSg|[iliK8 3«. 
!61gja^©ai<>«c<};0lHllS^^m%€>/cWr\ 

[0046] zommmzms k^t. &*s. patcfc 

OT. 8 2 1«7>^ 8 2 2ltffi&®m, 8 2 3«J± 

«m^S:lti5IL-/>f-^>^^-r.Sfe©-C. €©tti 
*l:tt&&IIISS8 2 2 iib«5iiitgg8 2 3«:-^^.?>ns 0 

8 2 3{cS<E>ft£„ ttiSititaS8 2 3t?», &&0S88 

2 2f)^mhir\x<.^m^<owmt^-mtu^^'>. r 

>^8 2 1 *>6j§6ti-C< *ff-*f GEKflfc) ©&46&M 

©LTtftfj-rs. it©ifHiiS8 2 3©ta*iJ(4tBia^iii 

888 2 4Ki§6tt. CC-CtitfgS'? F5ftft.». 134© 
ttgCS8 4's<!:3ie>llS„ 

[0047] mi»S8 4-rw. m 1 ©»*- f&bs 

888 2 i»2©«S»* - F#feMe]888 3©&fcU;>3£jJDg 
U mi ©fi»*- F^S5t{C^2©ti«j*- PJ9«K 

*figL//t^*mefe-/-x^-8 5^5 0 m^T'- so 
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^$-85 Til. Kfim^l-CllW? -SmSfE* F 7 -f 5 
-?-©ti«J«-fe>-9-6 a, 6 dic-CtfcWSft. ig«l 

[Hlffi8^il|P.tlS„ 

[0 04 8] W±©J:$'c, &W8P1 i|ga{i[5]8S8<!:-C 
m*-^®fMBR*0J«O-ri»S. fSti|5]3&8 2. 8 3 
t?». BPF812, BPF813 i©ffi^^bti-C;b 

-^©jHaaBHSWsiMeL. muvmmms 2 4 rata 
«ti*iigp-r^citcj:«3. -eti-en^i©^*- f 

<tm2©fiai^:-F-C^fLr. |5!B#Cc^tg3-a:-5Ci 
*5t?#S„ CtlKiO. ^l©««J*-F*«gJS^i 
^2©jlSt)*-FttigS^ (#-) OfiMLfcaii* 
tf%^C<t*5-e*S 0 tL«?WiS8 2 3(Ccfcf)ta 

* . » 1 ©flltt^e — F£Sf2 ©Stt* - F ©fi^Ba^ 

BPF8 12, BPF813 ©ffi;W^n^ft. ^ 1 (c 

7nrj§jSisitjii»SB9 i {csie>n. •€-n-en*^ , 5> f 

3 tl Z> C t fC «fc «] 3c» 6 tl S . 
[0 049106 tC|gfSI)|5|SS©SIJ©^!|^T 0 C tttt. 
S4{C^-rt©{C«L/BPFP©0K8 6, 87%ftJn 
LT^3*l-S„ BPF 8 1 2©^C»il^{tBPF*« 
M8S8 6 KJ; > B P F 8 1 3©4>'C^^ii 

BPFSIJSIIhISSS?^^^^^^^^^^^,, ft: 
/cL, JB 1 ©jS»*- F«-^{C*tL/T^2©tiKrt:- F 
lg-^?r+^3 < T B P F 8 1 2 %fn«r 

< f B P F 8 1 3 ^r^BST-S C 

[0050] bpf wmw&owsMzm i {c^-r. n 

HJC^-ri^iC. 3>"M8 6 1, P L L (7s- 
X • P ^ F • ^-7*IhI!8) 8 6 243^0*^-^8 6 3 

mzmntztiz. -r^t?^, ®2©!s«i*-fjs^ 

©^ (iE^iS) *SA^$n5=3>^U-5f8 6 IT 

C©A^fI-^?:ra-S^©^?^K^O P L L 
8 6 2CCUWJT-5. PLL8 6 2W^S8 63<h<!:fc 

[0 05 1 ] CCt, BPF812, 813*. Witf 
XY F* + v^>*7 -/;l/^(Cj;9^-r€.„ C©X 
^ ? K*+>»^*7 ^^^©Jlffi{iS8k:^cfc^ 

»£©Jt**m 1 ©1S^. #HS8 6 3©5>^*m 1 i 
-rZ>k. S7©PLL8 6 2©W^tA*©mHg©S 
mfkLtjiZ. fCT, CCHJMBPF8 12, 8 13 
<Di>U-si>tl,X\t)?&ZtlC&V). BPF8 12, 
8 1 3<Dffl$m*m 1 . 02©!SStl*- FJli^ci^b 
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[ o o 5 2 ] m 9 umim2<Dm i ©is«j*- f^ss 
#&&©&& <t . # 2 ©jgs&*- f &jsjai£itrafi©® jg 

tt?§f#ISB9 10WSwt^B» ^ST&S. ft*J. IBtt 
@8§8«04tc^-rfc<D{C*tL/ > 3>aCU-*8 6 1. 
PLL862, ^88 6 3, 8 64. LPF 
-fJl/iO 8 6 7fcJ;tfT>:7*8 6 8 4ttttIL-t*fiJfti**l 

-a, B&ttHtiR*as9 lvvma 1 iisr-nay 

(A/D) 9 12Bf^l"J- 

F^-Uxgg&gWil (DFTjU&S) . 9 1 3(Jv^ 
d>0^cHj9D-3-9 F (MPU) . 9 14(iPLL. 
9 1 5B^I«r*S. 

[0053] C ©HJ&^-Cti. SS2 ©tg«J*- F£&li 
fl»ttifi©ttJI*. *2©Jfitt*-F*lRJMHR*£t» 

/asgmfflKfe i >r I u r f fft o r c > s . * 

"3\ •fe>-y-6a©ttt^3&*T>^'8 1 HCji6n-5o CCD 
WTB. *>?6a*«maM&tftM£*2«Utt*ttiS 

*©hiakbpf8 1 2 tmmtikmns&Q i«c-s 

[0054] BPF8 1 2©tt*»±2iiST;, IS 2 

u-*86i, m©***- vftmsms z^cm^tx 

S. COSHOJBt*-F«HR8 2(Dft»BEI4(D 
«^-iHDf. »B£tt2*Sll©.8to*- FrSKEOT 

[0 0 5 5] 3>;^-ji8 6 1 A^J^^S^l 
©t6«j*- FHifflR©€4i 4l§I-JaMlfc©* 
T&StCfe&U PLL86 2«:W*-rS. PLL8 6 2 

5*#jg£8 e 3 i <t 6(cjnjmu&a»««J!SLr«) 

9. »aS8 6 3©^I$#ml©i^ m^Bml^ 
©SaOkiftS. »fl88 6 30»)WmlB, Ji$t* 
ttffigf&L9 lrt©MPU9 l 3fc<fc*)§a5£rt£J:5K: 

ft-3TI,>S. 

[0 0 5 6] Sft»tfml£3tlfc<g#t£. 3 6fc:#JS 
S8 6 4t?J3»£ l/m2(S3^„ &SS8 6 4© 
U*»HttK*3Kftft©t?, L P F 8 6 7 -CftatifrfcK 

^8 6 8(CTiti, -/>f-y>^8n, f 2©1 
ib^-FOBSfi^il/r. »0fitg8 4 0CA^5^So 
ftffitS8 4^ma£^-X^-8 5<D®$im4<Dm£t 

[0 05 7] l>*. m 1 <DW®i*:- FMR& f 1 if 
S i . * 2 ©SKj* - F©SbSff f 2 « . f 1 

*ml/m2 <fc&£ 0 CC~C. MPU9 1 3iCj:0m 

i *«FBW«:*i?i-rtitf. f 2^rae { j5cii?i3^s. 

f 2©»?lttffl». $2©&Kr-%-F©ftiijratt«S 
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^35 JS?ICC5TSRra*iS< ft^T^ft 

t>j: 9 censors. ft3i©j9tttt#jinBK. f 1 * 1 / 

m2tii5„ C©<t-5{C, SfT2©8liiH&- F©atgS« 

J»©«flB»ft»?l*JfTftt>*l*. 

[0 05 8] &tc. J§jg$UtSSHSB9 1 {C-^C^-Cl^BJ-r 

•So Mftxutaar99 lictt. r>7"8 1 i-ewm. 4 

>b-^>^3nfct>t6 a#>6©Hj;fo£. ?S!2 
CDigli*- F©®JKt^SjStS! f 2-C*S^SS8 6 4 
«>6©Ii]:2)ftSA2j3tlS. Sfttk f 2T , #>*#J1§8 6 
10 4*>i=>©a:7j«. PLL9 1 4<h#Jl&9 1 5#>€>ft£ 

[0 05 9] A/D|Qftg9 1 1 C©n{g©JS?g 
tfcn ■ f 2%-9->^U>^ • {'dyi'iOT. T>7'8 
1 1 #>e>©tf#747W yfJHBfC^&U DFTjggcSP 
9 1 2tCj*S. DFTg|»gP9 1 2-Ctt. Vis-* V Is V 

s&&© i /n ©h«r«»©. e-^«H4*a>*«t 5 

KKesn-C^*. Ufc*«-5-C. SS2©JR«i*-F©a 
®<g-«f©jg?ft» f 2 £HttJ^8©e#liE#©iSi»fts. 

*tf>p>*i-5o #»6ft7aa-f®lHfBH:. MPU913K 

20 -^£.f>*l£„ 

[0 060] MPU9 13 lt$kt>tl2>{3^W$3l£. f 2 

©»? ren*** 2 «>fitt« - f © WBnaa»*^*. *» 

■ci>*©tr. f 2*»2©JS»*-F©*»Bift»K:i 

#i5<,»i#Ka^:4ftS. Wot, MPU9 13B 
f 2 ©Ji? lilt D F TmWR 9 1 2 ©m^*iifc^i ft 
-5<h^©m l©ffi*«itflO. m 1 /m 2©?S» ; l:T-5 C 
<tT. SiK^utf 2/f i ^a?>.5c:i*s-c#s. e© 
JB«^©»»ttl/m2»^«(a»lttC«l:»)JBjE 
30 *1fft^©«c+»Jacit«:»3&r*si»*i**. 

[0 06 1 1 E6B. 3 1 0©<fc ^ CC^-T-S C 

4*t?**. Ctife. S'JS i S2©01©Stt*- F^fi 

-jaaasoiwsi. »2©jgtt*- F*«ia^#a©a 

Jlii*««3-eydSWI*ff ft 9IBttl@IS8©«-C*») . 

#-©^ 2 ©ffitt*- F^BHSflrrfTft -5 T*J 9 . 0 
6ic*rf *>©iC*fL'J-»z* he-9A£BR(8 8. 8 94 

fflnLfcja. &£unpF%mm%k& 6, 8 7©ai*4 
h i ommmbtm q i ^^A-r s «t ^ tc c a^m* 

40 t?*4. BPF©|®iai»8 6. 87(i^7il5jD 

t?* CCffflC^SPLLlHlSSS 6 24. WA«H 
1 1 ©*n< . (4tBJ:b^S8 6 5 , JV-y'7 ^A$866 
te«tS>*VCO • 3> Fn-JUF • 

: m)EftiJWI%JgS) 8 6 7^<fc01«fiS;-r-5 o 
[0 06 2] -Tftfe^. ffl*BJ:bf5S8 6 5 *>&©«»« 

iiSmEtC^^r i . V C O 8 6 7 { ijtffifSlBC J± W S 
«aHBWj«i-r*©r. ttfflik«S8 6 5©A^ff^i 
^S8 6 3©a*«-^©fi[tB^**— ®cft4d: ^tc. 
50 VC08 6 74*j8p-T5. CCT. ^ 8 6 
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BZay^y-f 8 6 8. 7.4 (S¥) 8 6 9t£i£fr 
6«J5EL>, SW8 6 9 ?:t>(Cl,t3>f>-9-8 6 8(C 
Wffi2tltcmM£&m2-&Z>C±lCj;<0 . VC08 6 7 

[0 06 3] ±I2SW86 9 £8HJiSJT-5©# U-fe * Hffi 
^§#fc£ilS888. 8 9r*5„ rts:t>%. 'J-b-^I^ 
^|5IK8 8, 8 9KJ;«3JiKi*-F^^*SiISO. 
^#S*S$ifc(C&-o/(:6SW8 6 9**1>-?Z>£0 
^cft^^-rsJr^^LriJWSf, ^SJi^it^ccj: 10 

9 p l l 8 6 2 <D&mmmi&m.*!iawmic & o 
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PROBLEM TO BE SOLVED: To measure mass flow 
rate or density in a high accuracy without 
complicating the structure especially. 
SOLUTION: The phase difference or time difference 
between respective output signals from sensors 6a 
and 6b as a vibration detector is a function of the 
temperature of a measuring tube 2 and an axial force, 
and the axial force is a function of the ratio of the 
resonance frequency of a first vibration mode of the 
tube 2 to that of a second vibration mode thereof. On 
the basis of these facts, the phase difference 
obtained by a phase difference computing part 92 is 
corrected by the outputs from a frequency ratio 
computing part 91 and a temperature computing part 
93 respectively. Then, a second vibration mode 
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detector (common to a sensor 6a) is provided at a 
position corresponding to the antinode of the second 
vibration mode of the tube 2 (or the node of the first 
vibration mode), thereby improving the detection sensitivity. 
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